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ABSTRACT 

The usage of the terms "diagnosis" and "prescription" 
in the fields of medicine and electronic troubleshooting is reviewed, 
and a common structure for diagnosis-prescription is proposed. The 
diagnosis-prescription decision sequence is outlined. 
Prescription-without-diagnosis and diagnosis-with out- prescription in 
-education is discussed. The implications of the 

diagnosis-prescription structure for instructional management and 
instructional program developmant are explored. A bibliography is 
appended. (SK) 
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i i.-nosis" cind " prt-.o r i pt i on in tne fields 
rouble. ^.hoi>t 1 H'^ i rt^vit^wed and a common 
:)resc r ipt ) . :] pi^hhMi, i;, suggested. Impli- 
r mst rnct \ ' i ue^ient and in.U ruct ional 
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IM ^' N.^' ^ ;^K['^',RI PTION IN Hi!' rnV! t \ . 
el i NS I M (M TONAL MANA( \ N'i 

Ihe terms diai:^'^^'' » ^^'^ i t^'script ion ipiu ir , t rt qut^nt Ly in descrip- 
tions ot" Instructional -;trite^ ;es and in instructional managenient models. 
LHagnosLs has been defined "i description <^t student performance 
characteristics relevant t.; t' e instruction at hand" (Glaser and 
Nltko, 1971). Dia^no^i- dt .crlbed as a pr^^.ce.. ",,.to K^ther infor- 
Tiation that may htj helplu: In t'Mklng treatment deci^>ions" (Delia- 
t'lan.i, I'^bh). SiKer (l'^/"' ; ^ -es the temi diagnosis in the context 
of interpreting individual periormance on achievement tests and pre- 
scribing remedial as^s i i;nment s . Glaser and Nitko (I97n offer a second 
definition of diagnosis as a decision concerning teaching technique 
appropriate for an individual, Kriewall (1969) includes a broader 
class of decisions under the rnhric '^diagnosis and prescription," that 
being "to categorize learner ^ into groups on the basis of their comnon 
requirement for i ust rue t i ona . M-eatment," Bloom (Bloom, Hastings, 
and Madaus, U^71) a^. count some of the^^e variations by distinguishing 
between two purposes ot d i ai.'/io i s , "...to place the student properly at 
the outset of instruction" .iiui , "...to discover the underlying causes 
of deticiencies in student h irning as instruction unfolds." 

These references are hut tvpical of the us of the terms "diagnosis 
and prescription" in educational literature and, of necessity, have been 
cjuoted out of content lo ^1 irify the usage of these terms, several 
questions can be posed, Are t >ie concepts diagnosis and prescription 
inherently interdependent' fs diagnosis best considered to be a process, 
a decision, or both' H.>w i' d i ignosis related to pl.irement? 



i;dtkv;round pfitir'nt [ > '-.rse que.ti<>n t , ,^H^llt in the usa^»,e of 
the.^e lorn^^ in tin- iM'-.l, t'dicine and rtt.'ctroni« troubleshooting. 

LducatLO/nai us ujo t\p:*<.H\ ' been intUienotvl fv niudical rhetoric 
since tht. teacher- 't luient re' .Monship is oiteu viewed as akin to 
the dov^t or-pat ient relitio!! lip. Engineering^ reterents also appear 
worth consideration, p irt . " ifly in an educ<iLional R^D context, 
ria^n^^f.tic deci-ion -i^^dtM . h c been developed and tested in both 
medicine (Cinsberv^ and ,)Mt'^ tad, 1968; Betaque and (;orry, 1971; and 
^Irott, I'o'l) and elect i.mu troubleshooting Mremer ,ind Teplitzkyj 1969). 
Compari >t>n oL thv. wwiu^n v -J'C concepts in these fields to educational 
usa>'^e should facilitate t\u dc-ve 1 opment of dicignostic procedures and 
ai^v^rithns in education. f^ro^^lems found in implementing diagnostic 
decision mode Ir. in medicine (''iroft, 1971) may be particularly relevant 
to current artempts to assist teachers with computer-;;enerated instruc- 
tional prescriptions. 

ITie Medic al Diagnosi s-1 reatment Problem 

Assume that a patient ciTmes to a physician exhibiting or able to 
<lescribe ^ome set oi ^^'inpt'n^ . Ihe set ot teasibje actions that might 
he taken immediateiv Lon-^-i -t or diagnostic tests, treatments, or simply 
doint; nothfin'. ihe piM:p >• t ' diagnostic te.t , i to verify and quantify 
the descrj'ed .x-^'iptos to »M ain furth»^r i :i 1 or^-iat i on concerning 

possible deteniii nant ■ aptoms in urvit r to redece uncertainty in 

the predicted ! t cc t f vt-ie ^ t ach potent tieatsient. Assume that 
i di u^nostic test ( itv>o^ eM» t a cure» hut via- involve risk. Tiiere 

. - { , * ^ c n } e I ^ ' ""n. ed i at ( 1 , wit ho'.it 
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diagnostic tests of in\ kiinl. This is dout^ under several c Ircumst aaces : 
(i) The observed -\'TOptoTn', Midrome are an inimediate threat to the 

p^itient'- eventual reoo\*'r\, s a particular low risk treatment usually 
alleviates the .^>TTiptoi'i- and itever underlying causes exist and little 
iisk IS incurred la delaying; diagnosis if, in fact, the patient's con- 
dition is not typical, and ( the risk .issociated with potential diag- 
no tic tests exceed.^ tlie n V of an incorrect treatment selection. 

Prescript ion-without-d I i^nosis certainly occurs in medicine-- and 
may he quite appropriate. The opposite case, d iagnosis-without- presc rip- 
tion, also cornmon. 'he autopsy is a clear instance of diagnosis-wi th- 
out -prescript ion or treatment. Let us pursue this no further at this 
point, later the question wi 1"' be raised whether there Is an educational 
analogy to the autop.v. 

The Electronic roub le shoot nig Problem 

The electronic troubleshooting problem is representative of diagnostic 
decision problems dealin^?, with electro-mechanical systems (televisions, 
automobiles, airplane., ttc,) that begin with some knowledge that the 
performance is ma I f unc t iotki 1 . The diagnostician has initial evidence 
that a non-normal state exi- t^- but lacks information about specific 
determinant s . 

Cremer and replitzKv M'^b'T) describe diagnosis in electronics as a 
multi-stage proce*-s 

Stage I lesl- * Action stratevjy. 

StaRe II '-^t^ * K'M of symptom or iioi ^e frtjrn a received 
] 1 ' • ' < datum. 
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St i^v K i . ;n or vuil' • t ' ' r s'-ipt'ivi wr noise 

rht'se -^tvi'^^es ift, 11 t » , f ( ! Klependt'iit. t< \. _ . ' -n pri/Lt, ' ni iv cycle 

rhrou.;li tint thret. ,ta.-/. « .i- » » ii tines li ti'e .i^^no 3 1 ic i an should regard 
additional dia^no-tiv : ^' a , 1 ^ . es-viry to rfiuc*- umortainty in predicting 
nal tunc t 1 ons . 

As with laedical dv^ 1 -,1 .m^.^. . the course ot action taken may be pre- 
scription and creatrieut witli ^ut diagnosis. It niay be more economical 
to replace component- that la.e relatively short lifetimes (vacuum tubes, 
sparkj>^is;s , etc. > than t-^ t 1. ige in a diagno^tlc process. It such treat- 
ment -without- d i at^nos 1 ^ t i' i t > eliminate the symptoms, diagnosis may 
then he required, 

Dia^nosis-WLthout - pru L r ! pt ion is a less common but Important 
)ccurrence. The detailed iM.t .tig at ion into the c.ju^.e o£ an airplane 
crash 1,^ a familiar e\.r-ipU, \o repair of th,e airplane is feasible or 
intended, but a dia^inn.i i . inducted to learn why the crash occurred 
in the chance that a iMture incident may be prevented. The area of 
process control trriewill, \'''')) is a less publicized case of diagnosis- 
wi thout- t reatment . Invt^ t 1 ;',at 1 ng the determinants oi failure in an 
ir repair able systen, ^^^i^ ^e m'* in improving; t^ie manufacturing process. 

A Common Structure i oi P i_ 1 — Prescript ion * 

rb.e ttillowin^-. t r ir t ai 1 ^>f the dla^^ncv.i .-pr^ cription problem, 
which emphasi?es the ■ iriiiatiJ .e'> of decision pro^.t-sses in the three 
fi<*l(ls^ 1' ugjt^^e '^t »■ ti r>* \)i lem cjmes t»> t lui attention of a dec ibion 
•n.iVcr fv the i :t n . .s 1* Mdr(Tne--a re id 1 ! v ipparent set of ^vTtipt oms . 
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A svTnptcnri is defined a. a ".t ! .urable dev^ it inn ot <i >vsteTn' s behavior 
troTH what is Ciius idered lo normal (Ackolf, 1970). A treatment is 
any proce^^s to which tht t - may be assigned. A prescription is a 
dec ii- ion to a-->iv;n a ^y.^tt'r a treatinenl. 

It is ashamed that a> \\ ■ f the possible cau ve.s lor the syndroTTK* 
has identifying charac t er i , t ic s-- a set of syinptornr.. Each possible cause 
(.disease, malfunction, or disability) is treated as a state; the system 
lb assumed to be' vig in one ot the states. The syndrome is an indica- 
tion that the actual state i^ an undesirable one; syndrome evidence may 
delimit the set of possible states, but, typically several states remain 
as probable causes 

Diagnosis is a cyclic, three -stage process of (1) test selection, 
(2) symptom detection, and M) probable state evaluation. Tests are 
selected that are valid measures of symptoms which discriminate among 
the states currently con.sidered as possible causes. Symptom detection 
is a decision that a -.yptptt/m is or is not present; it may in some instances 
be expressed as a probabilit ■ or a confidence measure. Probable state 
evaluation is a listing ^'t states currently considered probable and an 
estimation of the relative livelihood of thef e states. 

A prescriptive pr'»cedurt' or algorithm uses as input the current 
diagnostic information md <. *Mi,iders the cost, risk (if any), and pre- 
dicted effectiveness of each potential treatment. In addition to the 
set of potential treatments, . e alternative is to engage in another 
cycle of the diaKtio tic pri>' e- s and a second is to do nothing. The 
entire proves, may be xt»r it ^'d if the selectee] trvitm^'nts do not cause 
t^ system to a >stine » d<' 'i U' state. 
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Ihe bsajA' ' < .nosi-" < « i ion i . a ^pec ial ^.-ase 

ol thi . k;LMier.il , 'M !. ' < v^riptivu li* . : loii ptublcin. It is 

penni iMe to >.ih 4 • • • m s as a • i i )i) i\ ■!) tho (i i a^^no '^t i c 

cycle u-nmnate-, with \ hv i k i f icat ion of a single probable cause, 
or (J^ if the prescriplivr procedure con.siLlcrs only the most likely 
svste-m st^te, fx imp K-^. ran rvadily be envisioned in which a prescrip- 
tion which consider^ only tin* nost likely c.1t5se produces disasterous 
result.. A doctor will frequently prescribe a "sale" treatTnent to 
avoid the risk of a relativel"' improbable disease. 

rd ucational Prc sc ript l on-Wi t h ut -Diagnosis 

Wliat would he the consequences of adoptinj^ the preceding definitions 
of diagnosis and presci i ptioti for educational usage? It is apparent that 
one ol the current edutatLon^i] applications of the diagnostic raetaphor-- 
placing the ;tudent it the outset of inst ruct ion--does not fit the 
definitions. Ihtre i. no pii.illel in electronic^' troubleshooting to 
this placetnent [)roMeri. for the doctor-patient relationship, the area 
of preventive rtedic ine -een-; rpr^st comparable. 

There seem' to ht- \ fimdimental difference between educational 
derisions and prescriptions in ^^edicine or troubleshooting. Educational 
decisions are r^iadc^ in i 'lanheinent context, i.e., in the context of 
makint eiU'Ctive tr e . : .hool resources to uhieve instructional goals. 
Prescription- ruirie h\ i > I m )r a technic i ui are u';ually made in an 
interventionist t onte\t . — ions based on diae.no-^is tend t(^ be selec- 

tion dec i .ions--tht ii .i-'irwiM of an individual to one a set of 
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feasible treatment ' < '^lent , person, .irr divided among two or 

more ^'.roup.s whiclr are i i..)' to different i li treatments (Cronbach 
and (Ilesor , > . 

The problem oL placing' the student at the outset of instruction 
is a general cjssipnraeiit problem, only in very special cases can it be 
treated as either pure ^election or placement. It may eventually be 
teasible to make many difterent types of assignment decisions siinulta- 
neously ''Besel, 1971), but at present, placement and selection decisions 
must be made sequentially. The process of gathering information to be 
used in making placement cu^^ ^-lons can be given the name, student 
characterization. Student Lharacter ization may involve the measurement 
of a wide range of ps^rliologic il variables: aptitudes, learning style, 
traits such as i nt e 1 1 i t!;enc e , jchievement indicies. These form a descrip- 
tion of individual student strengths and individual differences rather 
than a sutnmary of deficiencies and disabilit ie5w Diagnosis is con<*erned 
with the pathological-'With an answer to the question, ''Why has an instruc- 
tional treatment failed The characterization process seems sufficiently 
different from the diagnostic process to merit separate conceptualization 
and terminology. 

A second ca .e oi prescr i pt ion-without-diagnosis is the assignment of 
students to remedial in'truction based solely on J ower- than-desired 
scores on a performance me<istire. This is a result of ^treating the per- 
formance measure as a measure of a syndrcnne rather than as part of the 
diagnostic process Ihe pertormance measure thus may result in a pro- 
ficiency (desired stale > or non-prof iclency (undesirable state) decision. 



to 
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At thi^ point, L'ltbn pr*---^ ' t ion of rent-'d" li i ^ t rue t f on or engaging 
in a diagnostic proc,es>. to iist^stigate iintietlyinu i_.iuses lor the syndrome 
are feasible alternative;. 

The concept of a "prt^C- ,'toTii" (Ackofi, I'J/O) lead.s to a third 
instance of pre-,c r : pt i on- w i r 1 ■ mt -di agnosi . A pr^.symptom i.s a predictor 
ol a future svinptom. If a -t'^dent, durini.; an instructional activity, 
gives some verbal or nott-vei hal indication that he has failed to grasp 
a concept, it may be a valid predictor of non-mastery performance on a 
future performance measure. At that inst/^nl, further investigation of 
symptoms may be neither possible nor needed. The prescription of remedial 
activities, review, or repetition of instruction may be feasible without 
intervening diagnosis. Systematic identification of valid presytnptoms 
Is a potentially fruit Ui! area for educational research. 

Fducat ional Diagnos i s-Without- Prescription 

Kubi^ (19b7) has asserted that "...any forward movement in education 
waits for education to develr-p its own corps of pathologists with courage 
to studv its failure^." Ho credits accountability at the autopsy table 
as a motivating t o rre- - r 1 1 in^ in rapid progress in identifying 
diseases and discover in,; cure and prevent at i^^es . It seems simplistic 
to assume that school - ^ an ■ nst itut ional i ze an educational analog of 
the autopsy. A schocM rtrr^l - f tu>ws the extent oi its' failures; to 
systematically assess the -ucc esses and failures of a school would 
impose a monumental ta,K hvcn if a criterion for "success" could be 
developed, i denti f y iti^; t -iu *■ . *.or failure withfn the complex and uncon- 
trollable environ^nent a -):ool would require rin unreasonable expenditure 
oi etl or t . 

11 
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prt*-,c r 1 pt 1 *)n pr t - r > i* . . > iru^tionti ■ is • «. Kuint iit < hut z , l'-^70). 
When in m.ttiK Mo'mI pr'/i • .n an u iN- . t- 1 . ipncnt a 1 bta^e, it is 

unlikt^lv Iri^it tlu: rciHit-J . ' i y ^^.ills art a._Lurately known and the 
^it.*-a aire ^ need-.'d * n a i - i -tadent--' ^oi pi aperient liavt- not het^n 

valid. ited or even dt .i,'Ti«'.', ^ .Sould he evpe^Med that some -Uudents 
uMiu; the pro^r mi wiii r d ^ i ^ achieve tl:e u«. red performance standards, 
i.Cy e<hlbit svndrt^:'^ , ' It is !iK)st luilikel^ thjt diav^uostic tests 
md procedure^ which wiH iaL-ntify the cause or learning disability 
will already e^. ist '^t f^t^ a-^^ » 1 ^ped in tire to ht-lp rhi- students first 
exhibit I ^^ the sviid n.nr-^e . •[ v uld, lurthtnnoro, entirely impractical 
to develop r'^medial n tn;ct^' mal treatments in anticipation of learning 
problems wlvich rarely .)rcur. I'iagnosls nust, of necessity, be done ' 
piecemeal --with what^^ver dat i are available- -wi th no expectation of making 
prescriptions for the particular students involved." Within the relatively 
narrow context of an instructional program, detailed investigation of 
individual student failures i. practical and profitable. 

The development v>t dt^ci ion procedures for an in-^tructional program 
mav be viewed as an - >]u» u.:iary process. J^irly in development, there 
is likel/ to be preilo^ii nant 1 v di agrtOsis- wi thout - prescr i pt i on and prescript 
t ion-without-diagnosi • {prescribing remediation directly froon evidence 
of non-ma.stery ) . As dia^!uv>tLc procedures ^ire developed and alternative 
instructional treat-R'nt > ar*> didated, the occurrence of diagnosis- 
wit bout - prescript iot; will diminish accompanied with an increase in 
dia^no^is-prescri pt inp. A pi Kement procedure based on knowledge of 
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requirtid enrr\ ^kill i\v\ \i o^-cry of d i t odL i a 1 t reat tnent / le jrner- 
characteristic, re 1 jtioii !u;'s--ari^ developed, thv occurreiice ox prescrip- 
tion^ based on diai'jio i i ^ ' t reduced in t i t (|iu'iu \ . However, the fact 
that the required tMit r'v ;^ . P irti known nui ^ be rieasured (ioes not 
imply thcit they must ilviv^' i^v a-.^r-'^^d prior to instruction. It a 
deficiency in a particular enti . . . infrequent for the student 

population, it mav provt- to cost -ef feet iv-e to begin instruction, 
and with frequent per ! orniance evaluation, diagnose those students 
exhibiting the svudro-aiu characteristic of deficien-^y in the entry skill. 

It is either naive or egotistical to assume that developmental 
.stages can be bvp asset! pennitting initial inipl einentat ion of valid place- 
ment procedures. R< 'lance or. placement in instructional management 
assumes that instruction cati function effectively as an "open- loop" 
system. Such an approach requires the capability of assigning pupils 
to in^^ t ruct ional activities with guaranteed success. Valid placement 
procedures require predictive capability; Instability or change in 
student population, in truitimal material;, or procedures tend to reduce 
this capability. 

Diagno n s-prc ncrl pt i ;^rocedures are characteristic of c losed- loop*' 
instructional y stein-. i'ro:^er implementation diagnosis-prescription 
requires valid ct^riective oi remedial instructional activities. 

Effective plactjmt-nt procedures can reduce the <imount (yr\student 
time spent m corrective .;Lt[\Lties; retaininj^ d i agnos i s- presc ript ion 
procedures can soittn t\\v consequences or pi at ement errors and permit 
variations or rev i i.^i >: i ^ ^ructlona! '^laterials md me;'hod.s. It is 
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probably possible to develop tu effective instructional system which 
has strong placeTnent md weak d iagnosis- pre^cri pt ion capabilities or 
vice-versa, but if eft u it-nr u^e of student time is considered, a 
combination of placeinenL and d i agno:-, i s~ presc r ipt i on proftnises to be 
cost-effect ive . 

Diagnosis and Prescriptio n for Instructional Groups 

Up to this point it has been implied that d iagnosis- prescript ion 
relers to decisions made about individuals. The defined structure for 
a diagnostic probleTii would seem to apply to an instructional group, 
I.e., the group is the systeir for which prescriptions are made rather 
than the individual. l^ile there is no apparent medical analogy, there 
are instructional goals for which assessment at the individual student 
level is either impractical or not meaningful. Group process goals, 
attitudes, and interests are cited as examples. It may also be impractical 
or counterproductive in terms of socialization goals to continually re- 
group students or relv on individualized modeb of instruction. Group 
prescription of review, drill and practice with specified content, in- 
creased redundancy or ..Itcred pace of instruction could all be based on 
group diagnostic information. In fact, this group diagnostic informa- 
tion may be more reliable than ci^parable information concerning individual 
learning disabilities. 

b:ducationaI Diagnosi s- Prescr ipt ion in Perspective 

While it could well he t h it conceptualizations ot instructional 
systems can avoid the diamio .i .-prescription paradigm, this approach to 
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Instructional Tnan<igeTiitMit doe^> .ippear to b ive cost-effective promise. 
Emphasis on diagnosis, with n' without prescription, during program 
development should acceh^rite [)rogress as c oir^pared to test and discard 
procedures. Diagnostic tests in education are relatively cheap both 
to construct and to administer and rarely raise the side-effect hazards 
of medical diagnosis. The management context of instruction which 
complicates the assignraent-to-treatroent problem has a bright side: 
measurement already needed for performance evaluation (quality control) 
and program evaluation (process control) may, if designed properly, 
yield diagnostic information--if so analyzed. 

Treatments in the troubleshooting context can generally be clas- 
sified as either replacement or repair of a malfunctioning component. 
Preventive maintenance is the special case of replacement in the absence 
of syndrome evidence. In medicine, most surgical treatments are com- 
parable to component repair; usages of artificial limbs and organ 
transplants are akin to replacement of components. Medical treatments 
which have no troubleshooting analog include the injection of antibiotics, 
special diets and group psychiatric therapy. There would seem to be 
educational analogs, within the scope of instructional activities, to 
most of these troubleshooting and medical treatments. 

The unrealized potential exists that instructional treatments could 
be generated--perhaps with computer assl stance--rather than selected. An 
instructional program with a validated dictgnosis-prescriptive capability 
would appear most able to capitalize on this potential. Students could 
be assigned to initial instruction geared to a rapid pace and low 
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redundancy. For tho students requiring additional instruction or 
practice, diagnostic mfomation could form the basis f^r computer 
generated "second instruction." 

Various coTTibinat ions ol diagnosis-prescription, prescript ion-with« 
out\diagnosis and diagnosi s-wi thout- prescri pt ion provide viable alterna- 
tives to the TOuch publicized: pretest —^placement individualized 
instruct ion —>posttest paradigm. The choice is not diagnosis-prescrip- 
tion or pretest-placement . The challenge is to design instructional 
systems which exploit both paradigms. 
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